Neonatal intensive care units (NICUs) provide life support to newborns; however, admission to an NICU entails risks for both families and their admitted infants, including high costs.[@b1-asm-6-420],[@b2-asm-6-420] Admission to the NICU interrupts the mother-infant bonding and establishment of breastfeeding.[@b3-asm-6-420]--[@b5-asm-6-420] In an epidemiologic time trend-analysis in of 38 units in the United States between 2007 and 2012, the overall admission rate increased by 23% after adjusting for maternal and neonatal characteristics.[@b6-asm-6-420] In the same cohort, the admitted neonates were increasingly likely to be full-term and of appropriate weight for gestational age. Similarly, older audits undertaken in the United Kingdom[@b7-asm-6-420] and Ireland[@b8-asm-6-420] have shown that the admission of full-term neonates with ≥2500 gram (g) birthweight is not an infrequent event. The risk factors associated with increased odds of admission of term infants to the NICU include the operative method of birth,[@b9-asm-6-420] elective delivery before 39 weeks either vaginally or by cesarean section,[@b10-asm-6-420] maternal diabetes and hypertension, ethnicity, age, and socioeconomic status.[@b11-asm-6-420]

The early identification of risk factors, with ensuing synchronized interventions, may contribute to modifying the effects associated with the admission of term infants to the NICU.

To our knowledge, no previous national studies have examined the patterns and risk factors of the admission of term infants to NICUs. In the face of national and international neonatal bed crises, we believe that it is crucial to evaluate this. Our objective was to ascertain the prevalence, describe the pattern, and examine the risk factors for the admission of term infants to the NICU at King Abdulaziz University (KAU) Hospital between 1 January and 31 December 2015, in order to identify central areas to focus on for quality improvement strategies.

PATIENTS AND METHODS
====================

A retrospective chart review was performed to determine the prevalence and pattern of the admission of full-term neonates to the NICU. We also conducted a case-control study to determine the risk factors associated with the admission of full-term neonates to the NICU. The cases were full-term infants born and admitted to the NICU at KAU Hospital. We randomly selected controls from all full-term infants who were not admitted to the NICU. Cases and controls were matched in a 1:1 ratio according to the date of birth (within one day). The NICU at KAU Hospital contains 36 beds and is a level III unit and referral center in the western region of Saudi Arabia, with approximately 350--400 admissions per year.

All term infants (≥37 weeks gestation age) admitted to the NICU at KAU Hospital between 1 January and 31 December 2015 were eligible for inclusion. The gestational age was determined according to the first day of last menstrual period if known or/and first-trimester ultrasound.[@b12-asm-6-420] There were no exclusion criteria for participation in this study. The admission book of the NICU and the nursery's admission records were reviewed to determine the admission rate. The hospital records of the admitted and nonadmitted infants were reviewed to determine the reasons for admission and the risk factors associated with an increased odds of admission. The collected data included maternal age, nationality, parity, history of diabetes or hypertension, premature rupture of membrane (PROM) before 37 weeks of gestation, mode of delivery, and whether the delivery was spontaneous or elective. We also collected information from maternal charts about any associated pregnancy complications or fetal anomalies for which postnatal admission to the NICU was expected. Unbooked mothers were those who did not attend the prenatal clinic in the hospital or any other healthcare facility. The reasons for admission were determined from the admission notes in the infants' charts. Small for gestational age was defined as infants below the 10th centile for birthweight.[@b13-asm-6-420] Respiratory distress requiring admission to the NICU was defined by signs of labored breathing that required respiratory support using oxygen or non-invasive or invasive ventilation. Hypoglycemia was defined as blood glucose less than 2.6 mmol/L measured after two hours of life that did not improve with feeding and which required intravenous glucose infusion.[@b14-asm-6-420] Hypoxic-ischemic encephalopathy was defined according to the American Academy of Pediatrics and American College of Obstetrics and Gynecology criteria that mandate the use of hypothermia for management.[@b15-asm-6-420],[@b16-asm-6-420] Perinatal depression was defined as the need for resuscitation beyond gentle stimulation, but did not fulfill the criteria for the diagnosis of hypoxic-ischemic encephalopathy. The unit of biomedical ethics at KAU Hospital approved the study.

IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY, USA) was used for statistical analysis. The prevalence of admission was calculated by dividing the number of term live births admitted to the NICU during the year assigned for data collection by the total number of term live births born in that year in KAU Hospital. The continuous variables were compared using the t-test and Mann-Whitney U tests for normal and skewed data distributions, respectively. Fisher's exact tests were used to compare categorical variables between groups. In a multivariate logistic regression, NICU admission was the dependent variable. Variables that were significant in the univariate analysis, and which may have differed between the groups, were used as independent variables in the multivariate analysis. Multivariate logistic regression was used to determine potential risk factors for admission of term infants to the NICU. *P* values \<.05 were considered statistically significant.

RESULTS
=======

Of 3314 full-term infants were born at KAU Hospital between 1 January and 31 December 2015, 142 were admitted to the NICU, for a cumulative incidence of 4.1% (142/3314). Only 16% of the term infant admissions were expected (23/142) ([Table 1](#t1-asm-6-420){ref-type="table"}). There were no significant differences in maternal age, parity, and body mass index between groups. Furthermore, the rates of hypertension, use of assisted reproductive technology, and multiple pregnancies were comparable between groups. Infants admitted to the NICU were more often the children of non-Saudi national (*P*=.001) and unbooked mothers (*P*\<.001). The mothers of infants admitted to the NICU had a significantly higher rate of diabetes (*P*=.01), PROM (*P*=.01) cesarean delivery (*P*\<.001) and induction of labor (*P*\<.001). Fourteen of the 32 unbooked mothers underwent cesarean delivery (43.8%). Infants admitted to the NICU had a significantly lower birthweight and more were small for gestational age. The reasons for the admission of term infants to the NICU are depicted in [Table 2](#t2-asm-6-420){ref-type="table"}. Respiratory distress was most common, with a frequency of 36.6% (52/142) of all admitted term infants, followed by hypoglycemia (23/142, 16.2%) and hyper-bilirubinemia (11/142, 7.7%). There was a statistically significant correlation between non-national and unbooked mothers (r=1, *P*\<.001); therefore, only non-national status was used in the regression model in order to avoid multicollinearity. When we adjusted for variables that differed statistically between the two groups, only non-national status and patients presenting with PROM remained statistically significant ([Table 3](#t3-asm-6-420){ref-type="table"}).

DISCUSSION
==========

In the present study, the prevalence of admission of term infants to the NICU was 4.1%, less than that reported in other units.[@b9-asm-6-420],[@b17-asm-6-420]--[@b20-asm-6-420] Only 16% of those admissions were expected, similar to that reported previously. [@b21-asm-6-420] Admission of term or normal birthweight infants can be considered as low risk; however, several studies have reported the opposite.[@b6-asm-6-420],[@b18-asm-6-420] In a population-based study of infants born to residents of 38 US states, approximately half of all NICU admissions were for infants born ≥37 weeks of gestational age and/or of normal weight even after adjusting for confounders. [@b6-asm-6-420]

In our study, PROM occurred significantly more frequently in mothers of infants admitted to the NICU compared to the frequency among the infants who were not admitted. The risk of PROM persisted after adjusting for confounders. This finding is in agreement with previous studies.[@b19-asm-6-420],[@b22-asm-6-420] Similar to previous studies, the mothers of infants admitted to the NICU had a higher rate of elective cesarean sections. Delivery after cesarean section is a risk factor for the admission of term infants.[@b9-asm-6-420],[@b17-asm-6-420],[@b23-asm-6-420] However, the effect of cesarean section as a risk factor for NICU admission in our study disappeared after adjusting for other risk factors.

Non-Saudi national mothers were mostly unbooked mothers; their infants constituted more than half of those admitted to the NICU. KAU Hospital is a public hospital and mothers present to the hospital at the time of delivery for financial reasons. We had limited information about the pregnancy of the unbooked mothers; however, this risk factor remained significant after controlling for other confounders. Low socioeconomic status is an independent risk factor for NICU admission.[@b24-asm-6-420] Unbooked mothers are reportedly of lower socioeconomic status and are considered to have higher risks of pregnancy complications including pre-eclampsia, postpartum hemorrhage, uterine rupture, and mortality compared to booked mothers.[@b25-asm-6-420] Moreover, in our study and consistent with other studies, there was a high rate of unbooked mothers who underwent emergency cesarean sections (43.8%), highlighting the importance of this variable as a risk factor for the admission of term infants to ICUs. In addition, infants born to unbooked mothers have a higher risk of low birthweight, prematurity, and birth asphyxia.[@b26-asm-6-420] In our study, one of the three infants with hypoxic ischemic encephalopathy was born to an unbooked mother.

In our study, we were able to discern the cause of admission in most infants. Analogous to previous studies, respiratory complications were the pre-dominant causes of NICU admissions, accounting for 36.6% of all term admissions in our unit.[@b20-asm-6-420] Similarly, in a retrospective cohort study of infants more than 36 weeks gestational age, 49.3% were admitted to the NICU because of respiratory distress.[@b19-asm-6-420] Hypoglycemia and jaundice were responsible for 16.2% (23/142) and 7.7% (11/142) of admissions, respectively. Unspecified reasons accounted for almost 6% (8/142) of admissions in our study; these included infants admitted for less than 24 hours for observing hypoglycemia, respiratory distress, or perinatal depression and those who received no intervention. In a retrospective cohort study of all term admissions over one year in a NICU in the United Kingdom, only 20 infants out of 174 (11.5%) admitted with hypoglycemia met the recommended standard for a level III NICU admission.[@b21-asm-6-420] Moreover, and in the same study, 105 of 389 (27%) admitted infants at term were discharged or transferred within six hours of admission.[@b21-asm-6-420] Similarly, in a retrospective cohort study of 19 NICUs in the United States that evaluated the admission of infants between 35 and 42 weeks gestational age, the mean frequency of admissions without a perceptible cause was 10.8%.[@b27-asm-6-420]

The present study had several limitations. First, it was a single-center experience. A single center serves a population that might have different characteristics from others, thus limiting the generalizability of the results of this study. Furthermore, gestational age was not included in the regression model to test its confounding effect on the risk of NICU admission. We also had limited access to information about the unbooked mothers and could not ascertain whether they received antenatal care in another center in order to better understand how the booking status affected the risk of admission of infants to the NICU. Moreover, we also did not have details about the neonatal hospital stay and interventions received. This information would help in identifying key areas on which to focus on when carrying out quality improvement plans.

In conclusion, we identified areas that should be targeted for the improvement of care as well as more effective and efficient utilization of resources. First, the population of non-nationals and unbooked mothers should be embraced by a health care system that can accommodate them and afford appropriate antenatal and perinatal care for better outcomes. Second, we believe that NICUs must review all admissions and audit potentially avoidable admissions. Those admissions might be managed in an intermediate care or observation unit in order to alleviate some of the workload in the NICU, free more beds for admitting high-risk neonates, and reduce the associated costs.[@b28-asm-6-420],[@b29-asm-6-420]
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###### 

Maternal and Infants demographic and clinical characteristics.

  Maternal characteristics Variable    Cases n=142   Controls n=142   *P* value
  ------------------------------------ ------------- ---------------- -----------
  Maternal age (years), mean (SD)      30.5 (6.1)    29.6 (6.4)       .78
  Non-national                         60 (42.2)     33 (23.2)        .001
  Unbooked                             32 (22.5)     0 (0)            \<.001
  Body mass index (mg/kg^2^)           29.4(7.5)     28.4 (5.9)       .51
  Parity \>2                           73 (51.4)     76 (53.5)        .72
  Diabetes                             36 (25.4)     19 (13.4)        .01
  Hypertension                         7 (4.9)       6 (4.2)          .78
  Preeclampsia                         3 (2.1)       4(2.8)           .70
  Premature rupture of membrane        9 (6.3)       1(0.7)           .01
  Chorioamnionitis                     2 (1.4)       0 (0.0)          .16
  Assisted reproductive technology     4 (2.8)       2 (1.4)          .41
  Multiple pregnancy                   3 (2.1)       0 (0.0)          .13
  Induced labor                        79 (55.6)     47 (33.1)        \<.001
  Cesarean section                     76 (53.5)     43 (30.3)        \<.001
  Elective cesarean section            33 (23.2)     19 (13.4)        .03
  Expected admission                   23 (16.2)     0 (0)            \<.001
  Born outside the hospital            1 (0.7)       0 (0)            .32
  Infant characteristics                                              
  Birth weight (g), mean (SD)          2876 (693)    3033 (458)       \<.001
  Male                                 88 (62)       74 (52.1)        .09
  Small for gestational age            36 (25.4)     22 (15.5)        .04
  Apgar score at 1 min, median (IQR)   8 (6,9)       9 (8,9)          \<.001
  Apgar score at 5 min, median (IQR)   9 (8,10)      10 (9,10)        \<.001

Values are n (%) unless noted otherwise. Abbreviations: IQR, interquartile range; SD, standard deviation

###### 

Reasons for admission of term infants to NICU between 1 January 2015 to 31 December 2015.

  Reason for NICU admission         Number (%)
  --------------------------------- ------------
  Respiratory distress              52 (36.6)
  Hypoglycemia                      23 (16.2)
  Jaundice                          11 (7.7)
  ABO incompatibility               10 (7)
  Rh incompatibility                1 (0.7)
  Congenital anomalies              27 (19)
  Congenital heart disease          6 (4.2)
  Surgical anomalies                6 (4.2)
  Diaphragmatic hernia              2 (1.4)
  Imperforate anus                  2 (1.4)
  Duodenal atresia                  1 (0.7)
  Others                            10 (7)
  Intrauterine growth retardation   10 (7)
  Necrotizing enterocolitis         1 (0.7)
  Sepsis                            4 (2.8)
  Hypoxic ischemic encephalopathy   3 (2.1)
  Perinatal depression              2 (1.4)
  Thrombocytopenia                  1 (0.7)
  Unspecified                       8 (5.6)

###### 

Adjusted and crude odds ratios for NICU admission of term infants and associated factors.

  Covariate                       Crude OR (95% CI)    *P* value   Adjusted OR (95% CI)[\*](#tfn2-asm-6-420){ref-type="table-fn"}   *P* value
  ------------------------------- -------------------- ----------- ---------------------------------------------------------------- -----------
  National (Saudi citizen)        0.41 (0.25, 0.69)    .001        0.39 (0.23, 0.68)                                                .001
  Diabetes                        2.19 (1.19, 4.06)    .01         1.88 (0.98, 3.59)                                                .06
  Premature rupture of membrane   9.54 (1.19, 76.32)   .03         10.27 (1.21, 86.92                                               .03
  Induced labor                   2.54 (1.57, 4.10)    \<.001      1.43 (0.29, 6.89)                                                .65
  Cesarean section                2.65 (1.63, 4.31)    \<.001      1.96 (0.40, 9.57)                                                .41

Adjusted for being non\--Saudi, diabetes, premature rupture of membrane, induction of labor and cesarean delivery.

Abbreviation: CI, confidence interval; OR, odds ratio. Comparing the observed and predicted numbers of observation in each group using Hosmer and Lemeshow goodness of fit test was not significant (chi-sqaure 9.46, *P*=.09) indicating that the model fit the observed data well.
